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Abstract : 

PURPOSE- A dye-sensitized solar cells including titanium 
^incalite-2 is provided to improve photo conversion efficiency by 
sSSrl a P photocurrent characteristic while increasing 
photocurrent without reducing a photovoltage. 

CONSTITUTION: A semiconductor electrode(10) includes a 
mfxlure layer(14) of a transition metal oxide and titanium 
3St^«2clii^ solution(30) is interposed between the 
2S«n3i2Sr electrode and an electrode(20) «rt^tt» 
semiconductor electrode. The sem, ^ nduct £^ 
composed of a conductive transparent substrate and the 
2 layer coated on the transparent substrate. The 
semiconductor electrode further includes a dye molecule layer 
chemically absorbed to the transition metal oxide. 
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= UitEJXf EHgrSJIOD B8KM 3HAIKCK S VSOII (&g gg?fi EHgfSXIfe S0l3^^aSj» EIBJnAia»EJ0IS-2»2| S 

ifess a»»te bjesi a^2i. chs s^a. ycai s^ca- chs afoioii :>hxhs Sohh gs«s issa. 

IHSE 
£1 

*ejoi 

SSSi, EHgfaXI. 0|tf»EIB. QE1iife'£l&e|0|e 
i All AH 

£ is s uaov a>e ssas ehssxisi =?&m a Brass sais ehoio. 

= 2=2 it a on toe asas eh^siisi an as n§ u&lh^ d2hhoici. 

= 3S e ggoii toe sss§ ehssiioiiah EiEit^ai uaois-221 a^eroii os ga^ ssf« u&ta ushsoid. 

"- 4fe S! 5AJ A| 2f Oil 0}© =Si S^gf g^S UEILH& 32H50ICK 

^2 ¥S0|| CHS.I ¥S2J §§> 

0: B.*£H a = , 12: °£l 3M5K 14: 20: CHS S=. 22: 24: 9>J = #. 26: 0|AH 30: 28H§J §2«. 40: 2glf§. 
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B aSS EH^ 2X1011 BB 22S. ^Sl aOIS^tfSg BESII a^M SBSffe §S^§ EH a XI Oil BB 2iOICh 

- asai aaaxis chh3b ons/d 19911a ^fl^a naa(Gratzei) eoii a»« irsa aaaxi^ ao. nan 

son 21 e »a^i»*si EHsaxife Bag gg ex^ ueejx* oi£*»eib2S oi^oixife gstB behb oiae aa^is**^ EH2*axi 
sai. ^i^si ^aie EH»axion uiaoi wis S7P* xiM«at= 01 a 01 551214. oimxi sb s#oi &g eh^ axig aisstfe 201-01 b a. 

cjs eau2i ssss aaaxis/H. oiiuxi sb §§§ S7JAI9I3I «b ^32s uesjx> ou&aa&m oioibshx* 37121 oiaaaBB 

B7W0I ^?gB tfSB BESIIB 0I8B EHSaXI^ ttfiS b> 2iC4. 3HL4. OI2f EHSSXIfe ga#7> §7t9fe S3H= 4- S12U 
BBSS »£»fc BBIXI 2iOI OIIUXI SB ail S&AI3lfe Gil B7II7> &CK 

asoi oi^mxi- sn= 2iaai a a 

B ag o| aoi^ een°i g;3isMM taaaaxt sfe 32^. wis B7^ xiaaia. on M xi sb mmm ^ ssa§ 

EHgjaXIS XllSSffe 3S0ICK 

&7| Bas^l ¥|8*0i, B &S0II (HE SSag EHSfSXIte a0!3^#&gj» EJEfk:«£IIJ£*0!E-2(titanium silicalite-2)2*21 bbb 

s>»b asa a^a, chs a^a, a^i be» a^m a» a- akmou jhxhb sshu g^e sbso. 

a^s aE£ 7iea. #7i ¥S 7ib ?ioii sgsoi aife #7i ^^§§2^ oi^wach eb. g7i besii a^s g7i a 
oia^aaaon s^^es s^£jch sfe gs gx^se ch ssbck &71 ss sxiss *ra(aa)a oi^cnaa. 

WBsi»7iite. &d\ aoie^^ass uesxj oi#s*eib2s oi^oiacj. 

SESf HtBSISITIIte. B7I SBBB UiOllAi EIS!ctfBIVaO|E-2b #71 aOI3*tffitB2l 8 7|^2S 5-20 g*2^ SB 

sin, 401 sbbss 10 - 30w°\ ^mm 7*aa. 

qis a^^ a£^ ^ie^. ^^i ^ie ^011 susoi ^^e^s oi^oi^ ^ 
b btsor gg^§ EH^axife aaa sa^ 4^ saioii ^a&si stoi sswi b?^aih2smi ee« 7i*ai cd 

B EH 9 a XI Oil bllohOI B a^ ail S^Aia ^ 

C4S0I. B ^39 WBS>B AIO0OII CHSfOI ^¥ £231 BSQOI ^ Ail 61 gSffCf. 
£1gg BBOII WE 8£98 EH^aXISI ?H^££ £A|8[ £S0IC4. 

£ is sssfs. a ttaoii cae gs^§ EH^axi^ esa a^doja. chb a^(20)^, oib awim ^hxhsch asH§ e^ooe s 

B&C4. 6T3I BEM a^(10)S S2J ^IB(12), OIIB ITOdndium tin oxide) 5E^ Sn0 2 ^h 3g£JCH MB aE£ ^S4 

flOB aOIS^^Sfga EJEI^E-ll^ 01^-231- &&EJ CH Ol^Oia SttBS(14)0l 3U£|CH Slfe ^P^g ^^O. ^^I BttBB(14)B 
ofH 2ife ^^l aOI^^^SfSc ^5-30 nm£| U^AFOIESM ^l-XI^ UinSJXh OI<^lfEI&(nanocrystalline titanium dioxide)2^ OI^CHa 

ci hd\ &bbb(i4) uioii sttat- aaic6iaiBaoie-2te ags ^iis^oi^si ^e2^M, 4pi s&ss(14) uoii/H «^i aois 
^s*gsi m m&m :152s ^5-20 g&cife 5101 b^^ma. E*h 4^1 s&ss(i4)g ^ 10 - 30wsq ^mm i\ 

Tito 5! 01 UtBS|8tQ. ^^1 SBBS(14) UiOllAi aol^^^SS ^ Utei» OltfBEIBOyfc ^Ellfe sr»(lia)S Oj^CHXIfe gg ^X^OI 

sifi|3«2s s*raoi aia. 

CHS a^(20)B aE^ Sa 3IB(22). 01 B IS ITO Efe Sn0 2 3|- 2i!£]Oi 2ife *8B ^di ^IBflfll ^^#(24)01 3g£JOi 

^^a. chs a^(2o)si ^^#(24)^ &d\ asa a^uojsi s»ss(i4)a chs^e^ uhwsch 2ia. 

&T7I BEXII H^dOja tf^l CHS a^(20) A^ISI SBOII XHflXI Wto «3I a6H^ g^2SAi 0.8M2I l^-POIIB-a-^B-OIOIQBB OJOI 
2CI0IE (1,2-dimethyl-3-octyl-imidazolium iodide)2f 40mM^ l 2 (iodine)e 3-0H^AIHSni2L|^i! (3-methoxyproplonitrile)0ll gSHAI 

u \ 3 '/rs\ asHS e^e afbb ^ saio. 

3Boi f b uboo Ttm gg^i EHgraxisj «is asi a bbcl 

i^oi Ah^i bf^xli xj=( 10 )e XH3E8PI ¥i6f0j, ejXH aOIS^^sfM^ EIEI^^E4^EI0l^-2^F ^SSOj SJLto ^mmm »I5BC4. OIB ^ 
5|0=i , EiElfe(IV)0l±HS^A^0IE2f OfAHM^e AfgoFOj 2201CS ^X|£|fe ESeaiOIHOil M 4^S£(hydrothermal synthesis) &S0II 2|6f 

« oia»ae ssoie m^m b«»d. ^oia lhwiai oi^seibsi bboi 10 - i5^ni%s 1 bh^xi eaa oi^seib m^oie 

|oj{og ¥Ei sqhm g&A|5j o k 5 _ 30 nm£j UEA^I^B DWto UEEJXf OI^SFEIB M^OIE B^m ^^D. 3 ^, ^Oia MSOIE § 

si oil ohoiasa» a^oi^sj EiEt!*a£ivEiois-2a s^bo. 01 mi. EiEH=aa»aoia-2si a^as u^^jxf oi^seibsi a e^f 

)|gog 01 f 5 _ 20m&%?t £l£^ BO. ^^I2f ^0| g^Sfe £i£l^^ £iaa0IM-2fc ^8 SS2§ SCH^ 4^ 2iCf. 2JXi, Ell MB} 

?g&2feot0IE^At0IE (tetrabutylammonium hydroxide)! HW CH Afg^Ol Ell ^^011^2 = ^^ ej3j|0l e (tetraethylorthosilicate)2f, 

aiMEI¥H2 = ^EJE|l4IOie (tetrabutylorthotitanate)g 175TC^ ^X|£jfe 2SMBII0IM0II M 24AIB SB B§A|3j SSSBQ. ^Oia ^§ 
I 0<3f6^H AHSjB ^, 500TC^ SXISfe a^l^OIIAI ^^BQ. 0|2f ^£2£ XII 5 9 EIEfictfa»a0IS-2fc UitH» OI«»EIB § 
3011 87)991 (Hi 38IB B SBB 4^ SiD. 

ii\s>} ^ ^g£§ Boia oi^aEiaa eieie^ a 1^01^-23 aa g^oii Maioiii!^e£i^3f #aioiiii^i^A)oiEM oi#»eibsi m 

mm 7|^2S 30 - 50 e^%2i g^E^ ®J\o\0\ S^OI OI^SfEJB/EIEfE^ejl^SIOie-2 8VBB BiSBQ. 
171 2f ^01 ^Oia SBBB ITO Efe SnQ 2 
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• D\ 2Ua0i Slfe ¥SB 2£g ??a 3lfi(12) ?iOil ^ fc 10 - 30wS\ Sgfi ^. ^ 450 - 

550*Ca £££ 2IB3I01 S3 1 H^XIM 39W»2. I4*ngj» d^ii^ S^f SI §201 OI¥CHXI£^ BC|. OlttStEl e/Ba±cgaBaOI 

sbboi 3gsoi «pi sa Pie(i2)§ ¥SIh stxiis oi^chxi^ uioii 24Aia 01& e-noigosMi gg?f ags & 

31 earM(i4)« setsifc e^s agea. 

gf^SJ CHB S^(20)» 8«6^l 918(01. ITO SEfe SnOg D[ 3§a0H fgfi SSEg ^a 2IEK22) 91011 H28gS{24)a 

3 ©^21 M^M 2BB CEH CHI g*^ S M^OilAi 2££ H20I B^2£ of 01 &3| S!J3S(24)jtt £0| @&g#(14)0l CH8£I£^ 

bci. oi an. g>^2i aioioii oiib m& surlyn (du PontAisia ^§g)£g oi^oixife s* 30 -sow ^m°\ nmx\m(40) fen 2* 100 

- 140T22] ?IB&ttOHM ^ k 1 - 3?I^2S 4^1 ¥ B*tAiaB. B S S^OIl aSIOI H^Xf§(40)0| 6W| ¥ S^a HSOil gjol 

IHI ¥^CI. ¥ S^OI ¥*rS ^. S^Oil 01 All ?S(26)8 S6I01 ^ AJ0I2I 32*011 g^(30m SH9I gfe 

CI. fef^l S5H^ geii(30)o^Ai 6T3| (fgB bf» B^ MUM MSB ^ 20. B3I 38HB g^(30)0l Q XHSIS SURLYN3f 33B 
$2}^2S 3IB82SAM a^j o| Aj| ^S(26)e OffeQ. 

BS S B80II CEff SSag EHgJSXia aMM S^Fo^l 916101 Of #31 B& gSS §J SS^f 

SSl^S^ n«s (xenon lamp. Oriel, 91193JS A|g6|Sl£D1. &D\ nb eunoj a& 3E2(AM 1.5)& HSEH&SXI (Frunhofer Institute 
Solare Engeriessysteme. Certificate No. C-ISE369, Type of material: Mono-Si + KG filter)S AtSStO) SSSISa. 

£ 2fe a B8M (HE 8SB8 EHgJSXia B3fB g3IM UBUi^ D2HH0ICI. £ 22J ^3fS¥Ei, g^M =?£o\t= BJ£«| 

m°£.M UinEJXI 0|^»EIBO|| EIQic6iaBSI0|e-2 CTS-2 0 ^ 3AI»)B 82IB 3¥ (2), (3) » (4)fe U^EJa> 0|^»EIBEf« MgolU 
ElEfin^aiSafOie^M SB8HI &g 3^ (1)011 dlohd IS^f 2o «fB!B 4* SiCf. ^S^2J e^fe OI6i§fEJ&0U 

^ S^SfOt Oi^lS ^XP^ OI6iSEI&°l SSCH0II &X\m ^&o\$= m^QUM «B«| 2J6hOI §^ S^Di §^6PI OJISOI 

CI. 

£ 3S EiBix:tfEiBaois-2a ^^f^oii njs UEiyi nanHoia. Eiaic«aBaoie-2a aw oi^seibsi s a 

^1^^^ 5e^%, ioe^% §j 15^^%^ sioi e^e s«s^e hh. 212121 2? xiisa ss^t eh^sxioii chsjoi Eiaic^ej^ei 
oie- 2 £i g^soii crjs m^o\o\ a uk EiEf^^ai saoie-2a e^^oii ©21 ^s^^i s^sn^^ g^f^oi ^sxie 

ssfois ^s^^i qm &±zts= uEiy£Di F aaic6iaiBaois-2a b^boi ioe^%^ ceh si^a ^sim UEiuiaa. oia 

^4r0| UEfUfe OI^M ^S6f2 QMHI SO. ^. PJ0I3S2J» 3^ia ElEfin^ai^EIOI ^-2a ^^r^OI S^BOB ©21 EH^SXIOll SiAfQ 

s^a «boi m^mm saioii oi^Baea ^eoi ^siot □ ss^oi a±ao. 01^ ojskx oi6i^Ei&a ssoii s^sfe sssi a 
^an, n ^iu^Ai §2^^ a^£ife 51^^ eeacf. oia 01^ 9J6F01 aaic^2.isaoie-2a si^i s^soi ^xhsmi a^ aoi 
a. 

u in a xi- oi^isa&oii oioia^sxia oi^isia&e b^isicx ^iss e^e ^ixi^ e£na eh^sxioiiai^ ^s^b e^roiu 
ss^s a^afe Ban 2ia. nau, a ^soii crje ss^§ EHsaxioii/Ha boi uka» oiaaaeoii aa^^a^aoie-2 
s s^ib s^oii^ n s^i^ e si oil ^^jisioi gjggh gs&oi ^oixi^ at ^ 4 s sia. oia ^3i^i ^chxi^ oi^ s=a on 
L-ixi a bus mxw afe 51^^ eesQ. ^, diB^ e ejxi b^is ^ixi^ aaictf aBaoiM-2« uicB» oi<^sia&oii a^isis s^a 
H^^j a^on me jhbb oil Li xi ^EHa a^iS eisioi ss^oi e^Foi^ sm^i- ^oisia. nau, &e£§b aa^^a^aoi^-2 
a a 3i soi s?tBon cua oi^aaea'SHsi a^ sa- a sib a*r sssi ^ mni^ ejoioi sscHa sxi ^£12, 3 
^31 ss^oi a^afe ^3iM oii^if ^ si m. ^3i^o^ ( § 2 ^f e^iAi^ife ai ^loioife as a^a. sa^i &±a\b\*= qi ^104 
sife ss,^ ^4:^1 §aioii ^^go^Mj 01 e ¥ sejoi ^±«acH a ain^ aBaoie-2a a^i^ e^mi ccia sa&s ^ stoi 
ii§si>ii ^xiab ssoia. 

e 4^ » sai aizioii mm isw s^ib m^m uam^ ziehhoid. s 4a ihi^ei, * sai ai^oii ma eisa ^^01 
^cHxife sie b 4^ 2^a. 

Dia boi. a bboii rue ssa§ EHSsxioiiAi^ b 2eai Aiaoii ma bsb ^ixi^Ai. ean ^i^oii ma eh^jsxioii disioi 

is^s BSow ^xium saioii ^s^^i ^ohso^am, ehs ^^^¥ei 2^1 oiiuxi^ ^^ai^i^ g s& g§ = oimxi 

a^OI Btf B ^ Slii B ^ SICI. 



^sa m 3i 

^ib dfa boi, a eSoii mm ssae EHgfsxia e^^^Ai sois^^sisa aa^atraoi^-2aa @^s§§ hbsi^ ^sxii 

s&sm 2ia. ma/H. a ^soii me gs^g eh^sxi^ mgm &m ^ gAioii irs&a aoi 

i^iai^'o^am een ^iboii ma ehb anon uiwoi b- s& sit Btf aih ^ ao. 

H^. a WB2SI.B ^AIOIIB MCH ^AHol^il ^SolS2U, a BAIOHH B9SXI S2, a ^Sa ^1^^ Al^a S9I LHOII 

h & ^o^oji ah s#a xi^m pis! xioii a 6i oi oia^ixi ^goi ^^oia. 

57) &=?2\ mm 
i=?m 1. 

iOI^^^SIM^I aai=tfaBao|e-2(titanium silicalite-2)aa &BB8B SBolfe BEfl S^3I. 
IB S^3I, 

.^1 ^SEXII 2^31 CH» ^01 Oil S8HS SBSfe 51 ^ ^§25 Slfe gSim EH^SXI. 

I?S2. 
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m\'mm W *?i esa a^e as* wea. *w Tie fin sgacn sife «»i e«Mss oi^oui^ 21s ms°£ m 
fe ggai eh sail. 

In* vmm. «?i as* a*e «3i aoia-i«»«oi s^^s moi ate ss a 5!* « as «» 
§ EH8SX1. 

asttd «oi/h. se ?iti§ ^ais ^ai(»fia)s oi^oiiife s§ ^§°£ sis= ssai aisrsn. 

Sr^aisioi/H. «w aoia^ass utan oi*»Eie°s oi^oixite 21s ^§°s s>fe sssi a»au. 

37* un as»s «•= s soil aon/H, «?i sett utoii/H aa!c«Bivaoi--2<- «?i aoie^smsi • s«« ^ss s - 20 
e^%2i gf°s e&sw aife as ^s°s site ssus asrsn. 

5r» lIzi as»« e soil 2*chai. 6Pi aviss 10 ~ 30^21 ens ant 31 sife sset a»an. 

SfaYaoiM. «?■ ens a^e ass <ps 5ia». *a *a sib a«s« sifc mss oi^xi* si ^J£S »t- ssa 
§ sisraxi. 
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' (19) OieE!SWH8(KR) 
(12) g^m§ISfi(A) 



f c 1 A |nt PI 
\%j l ) (ill. 


(11) gW&s. ^2001-0111379 


UA1 t Q1 /nOKft 

nul L ol /U^DO 


(43) 2001t312i!17g| 




I U cUw uUGtUUc 


122} tSe^ 




171 } USti! 


Ef^sC! AfoCi CTe, X & — i 




ru si> di ^ 

LH El tL! 








CHS ^3I§ 161 £ XI 


(72) &>sxi> 










305-340 




CHaS^AISa i ?£SS383-2e3Xia^lSiin4 t OWe2-304 












305-345 




CHS&^A|^^^?^a#&SOHIfei09-1303 


(74) CHBI21 










sxisi 


(77) 




(54) 


mam ^aEiQfe gaai oise- uingjw ^agj^aaEm mm &a ^ si?f§ uingm ^ 




aa^aaafe eh^sxi sis 



S UingJJ* ¥EI^(rutile) ilSfEl E*te(Ti0 2 )S 0|g§} g£&g EH ^2 XI 73I3EOII 325, ^SOilAi AtB»EIEI-te(TiCl4)8 

SHohCT ¥EfiJ <L^EIEIs £S PM. ^SfOjl^^H^XKpoly ethylene oxide) S CHIi! eieaiei^XKpoly ethylene glycol)^ 

SBS ^g^OII XH ^^A|3IH, S±3I- £££ £2J 3 1 » Oil 3i6l PI, gOII/H SflaioK)! 10 jn L||X| 12/an ^J)i|£j 2^01 

ate ¥Efgi tf»EIBfe HMe fll£8K3. ¥91^*1 SSMXPf goHSOi §e» goil gx-idlS lit tt8»0l H 
SOU a«r@ ¥BB tL^EJEIs Cfg. H^X>§ 01 g 6^01 M^EJis(Pt) ^ S^Uj- SBAia ^. 0I§6^ 

ojc^n M0 |oj| SS H^i 2Hxi!2SH§ig ^EJShoi asfsxie aiz&ea. oi on tnai 2^01 ate u^axf ¥E>gj meiei^ w 

iff «g^§ EH^2X|£J S^2S MSSFte 30! ^ofOJ EHSSXISj H^AIIJ * SICK 

£2 

UinEJXK Uki§, ¥E[g, fclSQEIfe, A*S»EIBte. if, gSSi, EHSSXI, »S3I»«. V 

e ig im^oi gs^i aaaxisi ^§si£i§ ggspi ?ie dh^se. 

£ 2te S g*g£l tiAIOOOII (TfE UinSXF fE}°^ ttSfEJEffe sjg SIS S§ £Ai£. 

E 3a^ A^slEJEle ^^SSHOII 2J6H ^OiS ¥Ef^ ^SSEfte SBSI ^MSOig MS, 

E 3b^ S ^S2J ^'A| Oil Oil (DEI ¥EI^ <L>ffEJEm iI2J ^MSX^Dia MS. 

E 4a UiXI £4fb S ^S2J ^Al Oil Oil CUB SSi/e Uin^iX} ¥EI^ #S>EIE*s EHSSXI HI2E 

E5bg agOil 0}£F gg^§ ¥EI^ ^SfEIEm EH^SX|2I AM 1.5 220ilAi ^S 

-OA: U|1 ^£Pie 41: Sn0 2 ¥SS£§ 

2: ¥EfS ^SfEJEIfe 43: SS^Xf 
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44: EJEI^ V 45: QtE^ 

46: Hi 



saoii as 3!oip. 

1991 VSE -fl- *B HiPlffrSKEPFOa OhOIB ^(Michael Gratzel) 

a°iim*i EHsaxioici. 
4= 21a. 

sol 0l|LHXI(EF)a 38H§S| ttSHBS! 39121 SJOIOII °I6H g§90. 

a* 01 a8H sssxioii sas awe ^scpi seis flaw axi sb oi# neoia. 

d» ai mm a»axi« aoie^ m§8 uka» h?is jfaot « ee> oma aaenasi a»oi soiaa* ^is a 
smoimxi sab ?ta 4» siow bo. 

saali ssai ataxia a^°s esspioii 0^ smi6iic» e aaa twab ^soio. 



B90I Ot^HXf offe Dl^^j 
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#3i» ^#spi ?ib b ^gg ^eisj gas Em gee eye 8^ ni B3i: #31 ipEfgj ^steiEm e^^oii b^ai* 

BSOIE ^2Sf£r HI2 B3li; #31 MSOIH geiiOli OflBBSaBIlSXKpoly ethylene glycol) ^ &»0IISa!I2SXf(poly ethylene o) 

de)S I318tfa SI3 B30: #31 XJI3 33II0IIA1 DIB8 #3| SSOIE g°!Jg 3BAI31 ^ElgJ ttlEIEtl #32IM H£8tte XU4 B3«g 5fc>5r 
b f&gl ttSEIElte ^2H2| Ei£ gjge M8BCK 

seb a^i fixn eas^i net b ate aisa ^eib aaEiEii canals oisskm ¥ej-ij astEiEtteotB nsstte at 

S CHI 3IB #0II #31 ¥EI^ tf»E]Em ir2H£IM 2|'o[fe J3I1 EMI: #31 JIM B3H3I- #31 ¥EfgJ tf»E|Qfe ^£Haie 32/ 

3lfc 302 3311: 8 #31 82 B3II3> #31 ¥E|^ tf»EIEf8 s£l£IS HSBISK)! ¥EJiJ 6MtEIEtfeetl g#8 r fe 83 B31IB £B8tfc 

SB B88PI flB B ^gg S8B b JS2S »£8 ^EIB ^»EIHte sSHEIB 0188(01 EH ^2 XI M 858hte SSOII 2iCH 

se# Pie #011 #3i ¥eih uiEiEti ^ en die sasm sn eai: #3i se# #s 3ie #011 sis #31 ^ei^j astEiafe ^a- 

ejg 2£AI3lfe 82 B3II; #31 82 B3JI3* SSS #31 ^EHJ tfSEIQte ftaail B»BIW>I ^PEISJ d^EIEIfe^S SSofb 83 B3tl: 
#31 ¥EISJ ttBEIEtmB SSBX*3* goHS eimOH BSAIS, SSBXf3> gSf@ ^E>^ ^»EIEffe Mm S^M S^Sffe 84 B3j|; 
3 #^011 CHS^OI 82 S£|3IBg OfBSfte 85 B30: #31 82 ^d!3IB 8 #31 CU2^M &|8>fe ggSffe 86 B3||; #3| 

CHS^ 8 #31 ttfltEIEtl iiS^ AhOJOM g3hk# H^XI 1§§ 3(3 S«f iSi 8AI810I #31 CHS^ 8 #21 &8EI9I IIS 
BBA|?lb XII 7 B3j|; #31 8 8* 01 #31 CHS^j» #31 &8EIEII If A(0|£| #31 ^3^# HgXf 81011 2 61188 ^8 

8fe 88 B3j|; Si #31 UI0II g3^# 3^XfM DHi!8fe 3319 B3j|M Sl«b EH^2ZI 9^1 981(3. 



B tS§ #S(MIAt ^CH5I ¥Ef^ ^SfEIEffe ¥ 3(ZI MS HgXf ^g^OII XH ^^A|gJ ^ EH 2.1 M 0|go(CM Lf^^'XI- H3IM ^ 

II8JH/H 3^01 Sife 10 /m LHXI 12 *m ^^}oj s^o, ^»EIEfte ill g#8(0l SS^JfSI SS,^f e3(AIUSSM| ^EfiJ &»El 

m^m =?umt: bi»i aaan^i onuxi §§§ ^#api^qi 3 ^#01 ao. ^. b ess ¥ 3m /d^ sg»3( 

B ^g^OII tfeoUAl »I5@ Uin^Xf ¥Ef^ ^^01 12? fi<*8 3g§ ^SHBIM SI58Ffe ^SI fllAI8m, 018 O|go(0| 5^01 Sife 
^S|SJ UinSJf ¥EI^ ^SfEIEffe iff XII 5 6^ ^gjf. 018 gSMXf S*f XI XI S^^S Sg6(0| gg^f Ui^gJXf ?E}^ tfftEIEI- 
h EH XI 8 fl£8tb flSIQ. 

016K £Si S56K)j B tt82l 8A|0fl8 #Ailoh3|| ggffQ. 

£ 2^ b wasi ai aim oil mm u^gjxF ¥Ef^ ^»aate ii ais s§§ aoife ^a^^oici. 

£ 2011 soife b(2f 8oi a xi. o tton/d o.5 i£i Afa»Eiab(Ticu) ^e^e ns»a(2D. ^s«i/h n?iia 3^s5H^oi h^si ^e>^ 

^ElEffe B88 S2AI2JCK22). UIOII SSS g©8 e ^31 (rotary evaporator) M OlgoFOI £I4*B ¥| r g^^Oll XH^ 

^A|9IH Of A I SIS^ 2,^ eS^IS 11 m^MBi S^SJ ?Ef^ ^SfEIEIfe 2feCK23). OICHAI, ¥Ef^ ^SfEJEffe ^#4=011 

B^AI^l 15% e^OlM S^OIH g^M J3I3ESH1(24). sMIU 3 1 (ultrasonic homogenized '1013 flSIB ^ Xf4sjS3HS 2B3 
31BAIBO. 3 ^, B39XII0I 2f 2,000 9J Oil H 19 24 IMXKpoly ethylene glycol )» laBXHOI-Sf 100.000SJ ^»0HBa!2SXKDOly 
ethylene oxide) 21^8 ¥Ef^ ^SEIEfl s^Oil Q\o\0\ 15 % LHXI 25% ^^25 M^OIH e^Oil ®3\o\H X^^3H^ 2^^ IH£!A|^ ? 
EfU tflEIEfl 3|j§ £ZM\m SISBCK25). 

B B9SI ^AlOIIOIiAl #31 Oil B ^eai^H^Xffe tt = ai8l(Aldrlch)AJ ail AWSfS, &M0HII3BXFb M2JMOI9J^(Polysciences)M 

XJI^M AH8JSSO. BB. 0||i!gilS£IMII^XhS ^ 87ftt 3? ^E[B ^»Eiab9 B<i^S #0fJIU mm XII 5 2f§0IIAi 2^1 

4* £1^01, tf»0|IB2fiX|| AFg^v ge 2(fllSU »««0| XHohSD. CEf AH. OIIB ai9ElgHSXf£f 6W0III 

eyuBxn 5i§^£§ i^»oio» bo. 

a§£S, S^B ^§0j| OBI ^dl@ ^EfB ^IfEIEIfe 3i§ #2i£IM M£(F)3|- SESS Sn0 2 fg ^£|3IB0|| MaiOIHS 

i£S 3BB *. 100 t: ^Xl@ S3|SB0||Ai 10^^ 23EAI9I3, Aia XI HI 2J0I S3|^^ 450 LJIXI 500 S^IB?I3| ^ 

OIIAj 1 Aiei UiXI 2Aia B£H£|8f01 ¥Ef^ ^»EIBte ill 88BCf(26). 

0|2f aoi g#S ¥EI^ ^SEIBfe BISI ^MM a3(Tencor)AfO||/H XII2SB BB-^B(alpha-step)SS ^SB 8j»1 1 ± 0.5 /um ^JH\2\ 

Em mmm ^ 

E3a^ #S0||Ai Mg^EIEffeSI 3^^SH0II 2\o[0\ <£0i& ¥EI^ ^SEIBb ^BS| ^AfSXhBDIS AF5I0IH. £3b^ SIB SfSOll CEf£f 5 
DO TC ££0IIA1 g^£iohOj ¥Ef^ ^9EIEfte mm2\ ?A(B0I8 A^OICf. £3a0il UEIB ifOI #S0||A| 3^^oH0ll S\o}0\ £Oi 
S S3I SS8S ^»0|3F 5 nm LHX! 10 nm£J S#^?5S S>fe ¥EI^ BXF5J g*IX| SOI^ Saf^Ei (cluster) ^EHOIH, BH 500 *C 

M/d aafilB »S| I§8 £3b0|| SOIfe U»9- BOI ¥E^ tflEIBfe BXF^ ii a XI 01 2^6r3|| ^SSOI 2^o Wt oj W2 | 3:>| i= & ^o| 
i!OI3f 20 nmOl^ 9421 ^0|3f 80 nmoi EtSgSI Sg§ 3fXI^ HQ. 



31 of. Blfi ¥Ef^ ^lEIEfb OIIB EHS2XI ^I2S IIBCf. 

BB. SE4a0il SAIB «l» 801 81 4?2J3IB(40A) #0|| M^(F)3F ESS Sn0 2 ¥SS£S(41)M ¥EI^ ^»EIBfe 9IB 3|&o S Ah 

IBO- 

)ICH A1. £4b01l EAIB 801 #31 Sn0 2 ¥S^5E#(41) #0II S^B 3fS0ll 0}2f XII3E9 ¥EfB ^SEIEffe 2i§ ^SBII REI M3I0I 
= S Sgofll, 100 TC ^XIS ^3|o«oilAi 10SEh 25SAI3IH, AI2 Xlfll KOI 23l^£ 500 TC. 53|^^|3| oW\M 1 A| 

^ BXHd|8 r CX 11 ±0.5 ^J)il£J ¥EfB ^SfEJEIfe UM(42)e 88BQ. 

>ICH Ai. ¥Hlfe3|| SSSXf OIIB mO\ 3 10-4MBJ Ru(LL'(NCS)2 (L = 2,2 , -bypyridyl-4,4 -dicarboxylic acid, L = 2.2'-bipyridyl-4.4 -ditetr 
ibutylammoniumcarboxylate) g^^Xf3h goUS 50:50 ^Hl U|SJ BAjai¥BBB(t-BuOH)/0WISL|eH(cH 3 
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CN) g& ge« 

00. #EIIJ ciSIQEIs gg(42)M 24AI2? BSAI31. E4cCHI EAI& tiiSl SOI gS^X1(43):>1 B*rS ¥E1gJ ciSJEIEIs if S = S g 

3£|I2. E 4dOtl SOIfe 8121 ^01 HI2 «SI3ie(40B) SSdl 31 gSS 40 nm *pJHI2| EIE1sai(44) &CHI aXfg,' gSf 2|6H 60 nm ^JH| 

S gjoia SBIEI&gg CD a ^(counter electrode. 45)°S AlgSJCI. 

Q§2S E 4e0ll EAISJ U121 &0I. 0.75 mm 21321 Egg OlgSIOI SI2 S2J3I»(40B). EJE1 s Sf(44) §y g£fEm CHa = (45)g 2>g6rfe 

OIOHA). E 4-fOi) EAIgf 11121 &0| g£MXi:?1 gSfS ^E|&' aSIEIEIs l'I S^31 MSI Els CHS^ A10|(45)CHI 25 *m ^WI2| US 
XI US(surlyn. Dupont 1702)(46)S ¥3 120 "C SE0IIAH gJSfAISESMi *p 3&A|3i:n. ^ a^2J2| Sgf ^ MEIEls CHa^OII 

?S(H)g mo\Oi S.M\B &&0\\ (HSi iHf-SS! aSHiHEAIolXI 3fS)0l ^gJ£IE^ 8CD, £0I3§ ^£|2| <= a = g gg- 

an Aig& gsJtr n&nm oigsioi &:>i ?g§ ei^a 

S ifS2| 6IAI01I0IIAH A1g§[ ciSf-t»§! S8H§S ¥ ? r X| gflSAH. 0.8 M2| 1.2-a0flU-3-«l« OI0IC1££|g OhOI2CfO|E(1.2-dimethyl-; 
-hexyl imidazolium iodide)21 40 mM2| I2B 0^|£L|S1IO|| g8HAI€J 3J Efe 0.8 M2| Lil 21 40 mM2| 12 S OWISUMHWI §8HA|gJ 5!s 

E 5fe S^Sr SSOfl d}£} gggff ¥E1g! &h»EIB& EHg»ail2J AM 1.5 53(100 mW/cm 2 )0)|AH *§8( an-ggj. =<y 0 |C1. SS! 

1000 W g S5i A1go12*2ffl. KG-5 i! EH (Schott Optical CompnayAI XHI£)g 3>i= EHgfSXIg OlgolOJ AM 1.5 5222 

SI2J AHPIS 2a8JaCK 0.8 M2J 1.2-a0fl«-3-«l6l 0ID|C12SE|g 010l£C10IE(1,2-dimethyl-3-hexyl imidazolium iodide)21 40 mM2) 12 
5Si 5>fe tfSH&S aSHUS A1g» 3^ SSSi WEfgJ ciSIEIEfs EHgfaXIfe 10.7 mA/cm 2 2J a^iJE. 730 mV 21 3&. 3£IH O 
72 2| SBE(fill factor) fSi 23201, 0.8 M2J Lil 21 40 mM2J 12 3>fe a8Hi!S Afgff 3^ 13.4 mA/cm 2 21 a#i*E. 470 mV 

2i a a- s 0.5421 giJE sg§ say. a§H§ ^2i o» 0 | S bjg| ^ a oiseoi sine 3^ aw ?s§ Sf^ssaxie} asi §gs 
21 xhspi 5tt?asio fflj aS ng luchi e oieaasi gjoiesoi snm 3^ aw^Efe a?ii xishaxi as a ah asiai s^a tiSE 
mgm imm & 4- sici. oumi ss^tss (%) = [a# a^ s^E]/ej^as)o)i 216H 1.2-ci ong-3-ej^ oidiqssjs oioieqoi 

E(1.2-dimethyl-3-hexyl imidazolium iodide)21 12 5^1 3>fc ^Sf-SS aoDiiS 0l¥CHa gSifS #E1S a^EIEIs EHgfaxife 5 6% 
2| 3.mm SSCr. 

OI^OIIAH aS6! S SfSS a*& ^AIOII SI S^S Eaoil 2I8H 3101 01LI2, S ^S2| ?|^S1 At4IS 5S01UJI 3ffe g?l LHOIIAH 

Oie) 3HI WSr. S!g SI ^301 ?1 s oiafe 5101 g ^gOI ^olfe 3IS^0K)||AH S^2| XI^S ^a »OI|Jfl 2101 gaij^ 5J0ICI. 



^S2| II 

^01 01 ¥01 XI S ^3011 mm UESX> ¥E1&' 21 El Bis g§ S§g SE«2| HD[2\ SfSsglil 4»§ 6,^S0II 2J6H HI5£|fe 
01UE1BI aS1EIE1s2| JII5SS0II HI8H d|gO| 13SES 3S3§ EH^aX|2J SI2B31S 4= Slfe alJf 

S». ^SOIIAH A13s1E|E1s2| 914S6H0II 2|8K« gOHa ?E(g ^521 aSIEIEIsS a^fllS XHSOIlAi 2gOI Slfe ^Sf2| UESJXf 

^Ei^ <y if ei Eis ggoi ais Di^sm. o\m seat EHgfaxion §§e 3? 3221 asfgi g^iAis fee otiuxi a& sn ~§ 4= 

21 CI. 



(57) §?2| 

s^s 1. 

?E)i aSIEIEIs ^Ed£l SI5 gfgOII 2101A), 
?E1iJ ailEIEfs SSg O^olfe XHM &3II: 

y^i fa^ asiejEis s^g sw4=oii saAis msoie m^m gssife 1112 

y^l SSOIE geMOII 0Hl'g!!eE|gI2SXf(poly ethylene glycol) S ^21011 He! 2 ^XK poly ethylene oxide)S S3|81fe M3 B3II; 
y^l 1113 &3II0IIAH DJ@S 4^1 MSOIE geijg HehAI^ ¥E1^ aSIEIEfs S£1EIM UlSolfe fl|4 



S^PS 2. 

31 1 STOII Si 01 AH, 

^31 SI3 B31I0IIAH. 

ill m&W <^ SI El Els 21 g^CHI CHolCM &D\ 0||ge!g£IS2gX121 clsfOHgS!I2MX1 2|2|g 15% LHJI 25%£ M^OIE gajOfl gPfolfe 2 



PS3. 

II 1 SOU 210) AH, 
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WIPS PIView 



hii asife, 

PI MgaEJBfe ^gaja ^aiJ MEIBfe SSS §£15101 ¥EJ^ tfaEiats SSS 2& BSI: % 

«w -aw aaaa* smm sb+oo nmaMii *. §w*a *3i ?ag yaaetfe sv* saw* a?i a»aa* ss 
° ojasife bsim sssffe a§ ate ?ai itaaafe eaa sis as. 



4 f 



S^S 4. 

331 1 &OII SI Of AH. 

HI2 BSI ^. 

ggOlE gewg aeni- S±H?IS XHasite BSI: S 

SSOIE 8*8 »«a3»S Halite BSIS H S»»fc 31 f§ f§2£ Sfe ?a§ a El 9*5 #5H£I HIS SfS. 

ST » 5 iin 34«8 oi- g »si gfao S azB ¥B fy tutsan aaa> oisaoi fBi twsnm Hisate g^oii sioiai. 

D\B £00 ¥EI^ ^BEiafe 6£)£IB Sgoffe HI1 BSI: 

4Pi hm bspi 2ss tf^i =aa asasis «raa« asAisife Hi2 asi; » 

H12 saw 9sa «oi aaaab saai aaaaw ?a°d ^aa§af§ aaw-t sia asi 
a sesi-fe ^asj aaaa^s i§ §a as. 

6. 

HI 5 SOI SIOIAH. 
6K?| HI3 B SI Oil AH. 

450 TS U3Q 500 TS SEOIIAH 1AI* UH 2 AI2> SB a*Ha3 flAiate 3SS ^J°S ofe ?ai ^QEJte IS IS »B. 

ST a.uw a 4 » s at a »si aej°s hiss ?ai aaaa** 6aai oisa.ot a»sxi« nsafe era at aw/H. 
S£ g j=s jib an ?ag ^aaais aaaa sgsfe hi asi; 

feoi ni2 bspi asa ?a°d a»aas ^aas aaaaoi ¥aa ^aaate^s a* at Hi3 asi; 

aw ?ai a»sBtear« ase»* gsH@ sasnon sssxjs s*s ?as Maa& is aas ssa* Hi4 bsi. 

□ g¥oii chs^oi gssi ni2 sanies Diasi-fe his asi; 

%D\ HI 2 #a3IB S fe^l DiS^S 3881-1= ?Si ISSfe HI 6 BSI: 

vol Dia^ it «ui ^aaate na^ aiokn a?t±a msa in ¥2. j\m a* i§i awi ^ « *»eiehi 

ia=i SSA|9lte HI7 B SI: 

»3i ?§§ aaa «3i ois^a «3i «»aa* n ^ Moia g?i i^s nmx van sshss ?°J8fe his esi: a 

y^i ?S LHOH.gP^S OHHafe HI 9 BSI 

i S&SIb EHSfSXI HIS »H. 

S^PS 8. 

II 7 SCHI SIOIAI, 

iD\ HI1 B SI Oil AH. 

n0 2 ?SS£i tfOU fef^l fa^ £WBBk iaaS ^EH SaiOIHg°M 2i8lfe 51 S SS°S Slfe EHg^SXI HIS SS. 
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HI 7 SOtl SICM/d. 
£D\ 318 BPllOilA). 

0.8 MSI 1.2-PCHIl-3-S!^ 0IDICI5£im (HOIOiDOlEO .2-dimethyl-3-hexyl imidazolium iodidem 40 mM°l I2g 0>AII£U MgOII g8HA 
tl S6H1! 

0.8 M2J Lil£* 40 mM°l 12 S OlAilSU S gOII g«HAI€! ^Sohte 3iS ^gog §>±= Q)gJSXI HI 5 gjg. 

SB 1 
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£E 3b 
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Wiro riview o.o.c. 



ks 4d" 
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*«••■• * > 

£S 5 



16 




(mV) 
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